Similarities and differences between yeast and vertebrate calmodulin: an examination of the calcium-binding and structural properties of calmodulin from the yeast Saccharomyces cerevisiae.
The Ca(2+)-binding and structural properties of calmodulin (CaM) from the yeast Saccharomyces cerevisiae (yCaM) were analyzed by flow dialysis and NMR spectroscopy. Full-length yCaM and two truncated versions of yCaM were expressed in Escherichia coli and purified. yTR1 (residues 1-76) and yTR2 (residues 75-147) are similar to the vertebrate CaM fragments TR1 and TR2, which are generated by limited proteolysis with trypsin. As was found for the fragments of vertebrate CaM, the yCaM fragments retain native conformation and are useful for examining structure and metal-binding properties by NMR. Evidence for a short beta-sheet in each domain, as well as characteristic NOEs to aromatic residues, suggests that yCaM folds similarly to vertebrate CaM. Furthermore, although the previously considered "invariant" glycine at position 6 is replaced by a histidine in site II of yCaM, the far downfield chemical shift of His-61's amide proton suggests that this site adopts a conformation similar to that found in other EF-hand sites. Macroscopic Ca(2+)-binding constants were determined for yCaM by flow dialysis, revealing three high-affinity sites (dissociation constants were 5.2, 3.3, and 2.3 microM in the presence of 1 mM MgCl2 and 100 mM KCl). Positive cooperativity was observed among all sites. Ca2+ binding was also monitored indirectly by one-dimensional NMR. Titrations of the fragment molecules reveal that two binding sites reside in the N-terminal domain (sites I and II) and one in the C-terminal domain (site III). All three sites exhibit slow-exchange behavior in the intact protein, but site III exhibits fast-exchange behavior in the isolated C-terminal domain fragment (yTR2). Thus, an interaction between the two domains of intact yCaM affects the behavior of site III. These results with yCaM differ from those of vertebrate CaM in terms of Ca(2+)-binding stoichiometry, affinity of sites I and II, relative affinity of sites in the N- and C-terminal domains, and the exchange behaviors observed.